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Abstract: Transportation of broilers from different localities to the processing plants is a critical step in the farm to fork chain, and
any disturbance in this chain may result in worst consequences. Keeping this scenario in view, a study was conducted to determine
the live losses at different transportation distances (~80, 160, 240 km) and crating densities (10, 12, 15 birds/crate) during hot and
humid summer. The uniform weight birds were picked from a farm and placed in plastic crates (0.91 m × 0.55 m). The results showed
a significant increase in body weight loss and dead on arrival (%) with the increase in transportation distance and crating density in
broiler. The long journey (240 km) was also associated with significantly lower carcass and breast yield, and significantly higher catalase
activity and uric acid concentration. An increase in crating density above 10 birds/crate resulted in a significant decrease in carcass and
thigh yield in broiler. Similarly, placing 15 birds/crate showed significantly higher serum catalase activity and protein levels. Physical
injuries, bruises, serum triiodothyronine (T3) and thyroxine (T4) remained unaffected from either transportation distance or crating
density. Thus, transportation below 80 km and crating density below 12 birds/crate during hot and humid weather may be considered
as less stressful for broilers.
Key words: Crating, carcass characteristics, metabolites, shrinkage, summer, transportation

1. Introduction
Transportation of broilers from farms located at variable
distances to a centrally located processing plant as per
welfare guidelines is a challenging task. Since, the world
is facing the scenario of global warming (0.128 ± 0.026
ºC per year), the environment in Pakistan is also rapidly
changing and extreme weather events are becoming more
prominent [1,2]. The modern broiler breeds are more
prone to heat stress, and their inability of thermoregulation
under environmental extremes has adverse effects that may
range from mild discomfort to death [3,4]. Broilers are
transported in open sided trucks having only have passive
ventilation linked with the movement of the truck, which
results in poor airflow and heterogeneous distribution of
air creating a thermal core inside the crates [5,6], especially
when the truck stops or reduces speed owing to some
unavoidable circumstances. Hence, the distance, ambient
temperature or season of the transportation, and duration
of birds being inside crates combine to develop a stressful
microclimate around the birds [7,8].
The economic losses associated with the above
mentioned stressors during transportation have become

a potential cause of concern [9]. Mortality ranging from
0.14% to 2.09% for distances between 15 km and 300 km
was reported in European countries with relatively less
severe temperatures than the Asian subcontinent [10–12].
Not only the mortality but also the body weight loss and
carcass downgrading are reported to increase during
transportation [13]. The extent of body weight loss depends
on geographical region and environmental conditions. For
example, a loss of 2.36% was reported after 300 km of travel
in Poland [14], while another study reported 6.02% loss
with 400 km of transportation in Turkey [11]. Contrarily,
a study in the hot and humid environment of Malaysia
reported nonsignificant effects of 3 h of transportation
on mortality and body weight loss [15]. Similarly, it was
reported that up to 5 h of transportation had no effect on
carcass yield and downgrading percentage [10].
The distance of transportation interacts with the
number of birds in crates at different ambient temperatures
to affect the bird’s welfare [16]. The crating density has a
decisive role in the developing microclimate inside the
crate and truck due to inadequate ventilation and heat
exchange rate [17]. Lower than normal crating density can
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be beneficial from a welfare perspective but it increases the
number of vehicles required and can also cause economic
losses due to physical injuries [18], while higher than
normal crating density can result in death due to fighting,
trampling, and suffocation [19]. Nijdam et al. [20] reported
1.1% increase in mortality rate with every extra bird.
The preslaughter stressors also cause significant changes
in bird physiological status and regulatory systems, which
can be observed by estimating biochemical indices of the
birds after slaughtering [8,21]. Studies regarding effects
of transportation on physiological response are few and
contradictory. Some studies have reported significant
increase in blood protein, uric acid, and glucose contents
[22,23] while others have reported a significant decrease in
blood glucose and uric acid contents with the increase in
transportation distance [24], and in some cases no effect of
transportation on blood glucose contents [25].
There are many studies investigating the effect of
transportation distance and crating densities on live losses
during transportation and blood biochemical changes, but
most of them were conducted in European countries or
countries with relatively less severe ambient temperature
as compared to Pakistan. Limited or no information is
available regarding optimal crating density during summer
season transportation in hot and humid conditions.
Keeping this in view, the present study was planned to
determine the effect of different transportation distances
and crating densities on live losses, carcass characteristics,
and blood biochemical profiles of broilers during hot and
humid summer.
2. Materials and methods
2.1. Birds and their treatments
The study was conducted at the Department of Poultry
Production, University of Veterinary and Animal Sciences,
Lahore, Pakistan. In this study, Ross-308 broilers (age 35
days, body weight 1900–2050 g) were picked after applying
4 h of feed withdrawal before catching. The birds were
transported in commercial trucks (capacity 144 crates) in
loose plastic crates (Engi Plastic Industries Pvt. Ltd., Lahore,
Pakistan) having dimensions of 0.91 m (length) × 0.55 m
(width) × 0.30 m (height). A total of 270 birds were used in
this study. The birds were placed in plastic crates (tagged)
under three different crating densities [10 birds (0.050 m2/
bird), 12 birds (0.042 m2/bird), and 15 birds (0.033 m2/
bird) per crate] and were subjected to three transportation
distances. The transportation distances were categorized
as short (~80 km), medium (~160 km), and long (~240
km). Each treatment was replicated six times and tagged
crates were filled with 5 individually tagged birds after
weighing them at the farm and the remaining untagged
(5, 7, and 10, respectively) birds to complete three crating
densities (i.e., 10, 12, or 15 birds per crate). To minimize

the effect of the truck’s microenvironment, tagged crates
were equally distributed in the front, middle, and rear
sections of the truck. The procedures and bird handling
protocols used in this study were approved by the Ethical
Review Committee of the University of Veterinary and
Animal Sciences, Lahore (Approval No: DR/916-2017).
2.2. Climatic indices
The experiment was conducted during extremely hot and
humid weather (August) conditions in central Punjab,
Pakistan. The birds were transported in the vicinity
of districts Kasur and Lahore, Punjab, Pakistan. Birds
subjected to transportation distances of 160 and 240 km
first traveled in laps of 40 km from the farm and were then
transported to a slaughtering facility located 80 km away
from the farm, while the birds transported for 80 km were
directly sent to the slaughtering facility. The temperature
and relative humidity were measured at various distances
and times using a digital weather tracker (Kestrel 4500 NV,
Nielsen-Kellerman, USA) and remained in the range of
27.2–33.6 ºC and 52.7%–62.9%, respectively.
2.3. Parameters
2.3.1. Preslaughter losses
The body weight loss (BWL) percentage during
transportation was measured as the difference of weight
at the farm (g) and weight (g) at the ultimate destination.
The dead on arrival (DOA) percentage was calculated by
dividing the number of birds found dead to the total birds
in crates.
Every single bird from each crate was observed to record
any incidence of physical injuries and the proportion was
calculated from total birds. Similarly, bruises on wings,
breast, and legs were individually observed, and their
proportion with the total number of birds slaughtered per
replicate was calculated.
2.3.2. Carcass characteristics
Upon reaching the slaughtering facility, 10 birds from
each treatment were randomly picked and slaughtered
manually. After bleeding, the birds were defeathered
and eviscerated. The carcass percentage was calculated
as hot eviscerated carcass with neck and without giblets.
The percentage of cut-up parts was calculated relative to
carcass weight.
2.3.3. Blood sampling and serum collection
Upon reaching the slaughtering facility, the tagged birds
were separated from other birds, weighed, and slaughtered
manually. To reduce the effect of stay before slaughtering,
all the birds were divided among 6 slaughtering stations,
and all treatments were slaughtered at the same time.
The blood was collected from the jugular vein of 10 birds
from each treatment in non-EDTA coated vacutainers.
The vacutainers were then centrifuged at 3000 rpm for 10
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min to separate the serum. The serum was then carefully
separated with a sterilized pipette into labeled Eppendorf
tubes. Serum samples were stored at –20 ºC for analysis.
The samples were maintained at 3–8 ºC while handling.
2.3.4 Blood metabolites and hormonal assays
The samples were analyzed for serum total proteins (g/dL)
using a Tron immunoassay kit (Paris, France), and serum
glucose (mg/dL) and uric acid (mg/dL) using a Human
immunoassay kit (Human Gesellschaft für Biochemica
und Diagnostica GmbH, Wiesbaden, Germany) with a
spectrophotometer (UV/VIS Spectrophotometer AMV
09 Tlead Int. Co. Ltd., Qingdao, Shangdong, China) at the
kit’s recommended wavelength.
The estimations of serum triiodothyronine (T3)
and thyroxine (T4) were made using BioCheck enzyme
immune assay test kits (Catalog Number: BC-1005 and
BC-1007). The catalase activity was estimated using the
methodology of Hadwan and Abed [26]. Briefly, 4 test
tubes (sample, control test, standard, and blank) were
prepared. The sample tube contained 100 µL of serum and
1000 µL of hydrogen peroxide (20 mM), the control test
tube contained 100 µL of serum and 1000 µL of distilled
water, the standard tube contained 100 µL of distilled
water and 1000 µL of hydrogen peroxide, and the blank
tube contained 1100 µL of distilled water. All these tubes
were vortexed and incubated at 37 ºC for 3 min, and after
that, 4000 µL of ammonium molybdate (32.4 mmol/L) was
added to all tubes to stop the reaction. After that, changes

in absorbance were recorded at 374 nm against the reagent
blank.
2.4. Statistical analysis
The data collected were analyzed by two-way analysis
of variance (ANOVA) technique under a completely
randomized design assuming transportation distance and
crating density as a main effect. The significant means were
separated using Tukey’s HSD test, considering significance
level of P ≤ 0.05, with the help of SAS 9.4 [27].
3. Results and discussion
The results showed that the broilers transported up to 240
km showed significantly higher (P < 0.0001) body weight
loss (BWL) followed by those transported for 160 km
and least in those transported up to 80 km (Table 1). The
longer journeys were associated with extended fasting and
water deprivation periods along with more exposure to
stress related to transportation [28,29], which resulted in
increased BWL [30]. Accordingly, other studies have also
reported a significant increase in BWL with the increase in
transportation distance [14,31], and the impact increases
in hot weather conditions [32]. In the present experiment,
average BWL (%) in birds subjected to 80, 160, and 240 km
transportation was 3.76%, 5.69%, and 6.80%, respectively.
Such higher values are not desirable and cause considerable
losses to transporters and poultry industry. The BWL (%)
values in the present study were in accordance with the
findings of Aral et al. [11], who reported 6.63% BWL

Table 1. Effect of transportation distance and crating density on preslaughter losses1.
Treatments

BWL
(%)

DOA
(%)

Physical injuries
(%)

Breast bruises
(%)

Wing bruises
(%)

1.11 ± 1.11

4.44 ± 2.64

5.56 ± 3.23

Transportation distance (km)
80 km

3.76 ± 0.16c

2.00 ± 0.70b

160 km

5.69 ± 0.17

6.277 ± 1.79

1.11 ± 1.11

8.89 ± 4.21

3.33 ± 2.45

240 km

6.80 ± 0.18

10.22 ± 2.12

4.44 ± 2.10

6.67 ± 2.48

0±0

b
a

ab
a

Crating densities (birds/crate)
10 birds/crate

4.89 ± 0.22b

3.33 ± 1.11b

4.44 ± 2.10

10.00 ± 3.96

6.67 ± 3.35

12 birds/crate

5.04 ± 0.21

5.00 ± 1.36b

2.22 ± 1.54

7.78 ± 3.81

2.22 ± 2.22

15 birds/crate

6.33 ± 0.23

10.17 ± 2.33

0±0

2.22 ± 1.54

0±0

Distance

<0.0001

0.0021

0.2042

0.6462

0.2408

Density

<0.0001

0.0091

0.1219

0.2460

0.1248

Interaction

0.6135

0.6232

0.7068

0.7004

0.5526

b
a

a

P-value

Means in a row with no common superscript differ significantly at P ≤ 0.05.
Values are least square mean ± standard error.
BWL: Body weight loss; DOA: Dead on arrival.
Crating density: Per crate 10 birds (0.050 m2/bird), 12 birds (0.042 m2/bird), and 15 birds (0.033 m2/bird).
a–c
1
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after a transportation period of >10 h in Turkey. Similarly,
Arikan et al. [13] compared ≤50 km, 51–150 km, and
≥151 km transportation distances and reported 259.40 g,
307.35 g, and 350.14 g BWL in each category, respectively.
Among different crating densities, transportation under
the highest crating density (15 birds/crate) resulted in
significant (P < 0.0001) increase in BWL compared to
transportation at medium and low crating densities (Table
1). Furthermore, nonsignificant differences were observed
for BWL at 10 and 12 birds/crate density. Data regarding
the effect of crating density on BWL are scarce. Delezie et
al. [18] compared the BWL between two crating densities
in Belgium and reported nonsignificant differences.
The results showed significantly higher (P = 0.0021)
DOA (%) in broilers transported up to 240 km followed by
those transported up to 160 and 80 km (Table 1). Similarly,
the birds transported at high crating density (15 birds/
crate) showed significantly (P = 0.0091) higher DOA as
compared to the rest of the treatments. Higher mortalities
in long-distance transported broilers at higher crating
density could be due to inability of birds to thermoregulate
the hyperthermia produced in crates due to accumulation
of metabolic heat, and moisture due to panting of birds
[33,34]. In accordance with the findings of the present
study, other studies [11,31] have also reported increase
in DOA with the increase in transportation distance. The
highest DOA observed in the present study, i.e. 10.22%,
was relatively higher as compared to previously reported
rates of 0%–2.09% in many studies [10,12,31], although
some studies reported a relatively higher DOA, i.e. 7.7%,

in Turkey [13] and 15.8% in the United Kingdom [35]. The
higher DOA in the present study could be attributed to the
relatively extreme environment in Pakistan as compared
to other studies.
This study also revealed that neither transportation
distance nor the crating densities and their interaction
showed any significant effect (P > 0.05) on physical injuries
or breast and wing bruises (Table 1). Similarly, no bruising
was observed on leg regions of the birds. Moran and Bilgili
[36] also reported no effect of transportation of broilers
for bruises on wings and back. Usually, it is considered
that the fewer the birds in a crate, the more space for birds,
and during jerks and jolts of transportation, there will be
relatively higher chances of bruising and injuries [19].
However, the present study showed that reducing crating
density up to 10 birds/crate did not increase the injuries
or bruises percentage (Table 1). Some studies reported
average bruises (%) ranges from 0.022% to 25% in broilers
due to multiple risk factors [20,37,38].
The present study showed that the carcass (%)
decreased significantly (P < 0.0001) with the increase in
transportation distance above 80 km (Table 2). Similarly,
significantly (P = 0.0352) higher carcass (%) was observed
in the birds transported at lower crating density, i.e. 10
birds/crate, followed by those transported at 12 and 15
birds/crate density (Table 2). The reduction in carcass (%)
with the increase in distance could possibly be attributed
to the shrinkage of carcass, as the birds remained off feed 4
h before being caught and up until slaughtering such that
the total withdrawal time reached 8–11.5 h; Mazanowski

Table 2. Carcass characteristics as affected by transportation distance and crating density1.
Treatments

Carcass (%)

Wing (%)

Breast (%)

Thigh (%)

Drumstick (%)

Back (%)

Transportation distance (km)
80 km

64.21 ± 0.30a

8.84 ± 0.06

32.83 ± 0.32a

15.82 ± 0.11

13.26 ± 0.09

26.39 ± 0.29c

160 km

63.18 ± 0.32b

8.67 ± 0.08

32.08 ± 0.29a

15.67 ± 0.13

13.45 ± 0.09

27.65 ± 0.32b

240 km

62.32 ± 0.25b

8.90 ± 0.10

30.49 ± 0.26b

15.49 ± 0.18

13.50 ± 0.06

29.90 ± 0.24a

Crating densities (birds/crate)
10 birds/crate

63.71 ± 0.37a

8.83 ± 0.09

31.79 ± 0.32

15.51 ± 0.13b

13.40 ± 0.07

28.24 ± 0.29a

12 birds/crate

63.35 ± 0.27

8.82 ± 0.08

32.07 ± 0.28

a

16.02 ± 0.16

13.42 ± 0.08

27.18 ± 0.31b

15 birds/crate

62.66 ± 0.25b

8.76 ± 0.08

31.53 ± 0.37

15.45 ± 0.12b

13.38 ± 0.09

28.52 ± 0.42a

Distance

<0.0001

0.1284

<0.0001

0.2460

0.0951

<0.0001

Density

0.0352

0.7909

0.4253

0.0094

0.9272

0.0012

Interaction

0.0003

0.5238

<0.0001

0.0806

0.5201

<0.0001

ab

P-value

Means in a row with no common superscript differ significantly at P ≤ 0.05.
Values are least square mean ± standard error.
Crating density: Per crate 10 birds (0.050 m2/bird), 12 birds (0.042 m2/bird), and 15 birds (0.033 m2/bird).
a–c
1
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[39] reported a significant decrease in carcass weight
where weight loss during transportation exceeded 3%, and
in the present study weight loss ranged between 3.76%
and 6.80% (Table 1). Similarly, Doktor and Połtowicz [25]
also reported significantly higher dressing percentage in
birds slaughtered without any transportation as compared
to those having 2.5 h of transportation. Among different
cut-up parts’ yields, a significant decrease in breast (%)
was observed after 160 km of transportation, while a
gradual increase with increase in transportation distance
was observed in back (%). Wings, thighs, and drumsticks
(%) showed nonsignificant (P > 0.05) differences among
different transportation distances (Table 2). Among
different crating densities, the birds crated at 12 birds/crate
crating density showed significantly higher thigh (%) (P
= 0.0094) and lower back (%) (P = 0.0012) as compared
to those kept at 10 and 15 birds/crate density (Table 2).
These findings might be attributed to a reduction in the
share of viscera and other inedible portions up until 80 km
of traveling, as Taylor et al. [40] reported that out of 4.2%
total body weight loss during transportation 1.8% was
due to the emptying of the intestines and excreta. Thus,
the reduction in intestinal weight during transportation
may also increase the relative share of cut-up parts.
However, Doktor and Połtowicz [25] reported no effect
of transportation on cut-up carcass parts. There is a lack
of reported data regarding the effect of different crating
densities in summer season on cut-up parts yield.
The results showed nonsignificant differences (P >
0.05) among different transportation distances for serum

T3 and T4 contents (Table 3). However, numerically
the data showed an overall decreasing trend in T3 and
T4 concentrations with the increase in transportation
distance. Previous studies have reported a decrease in
plasma T3 and T4 activity with an increase in temperature
during heat stress [41,42]. Joiner and Huston [43] reported
a smaller thyroid size at high environmental temperatures
and suggested that thyroid activity and subsequently
metabolic rate might be reduced at hot temperatures.
Results also showed nonsignificant differences (P > 0.05)
among different crating densities for T3 and T4 levels
(Table 3). Similarly, Delezie et al. [18] reported no effect
of different crating densities on T3 concentration but also
reported a significant decrease in serum concentration at
higher crating density. Our results also showed a decrease
in T4 concentration at higher crating density but the
difference was nonsignificant.
A significant increase (P < 0.0001) in serum catalase
concentration was observed in birds transported up to
240 km as compared to those transported for 80 and 160
km (Table 3). Similarly, significantly higher (P = 0.0144)
serum catalase activity was observed in birds placed
at 15 birds/crate density as compared to the rest of the
treatments (Table 3). Catalase is an antioxidant enzyme
and catalase activity can be used as a measure to assess the
oxidative stress on the living organism [44]. During heat
stress, the production of free radicals increases, and the
body responds with the increase in catalase activity as a
mechanism to control oxidation in cells [45,46]. No study
had been reported on serum catalase activity in response

Table 3. Physiological response under different transportation distances and crating densities1.
Treatments

T3
(ng/mL)

T4
(µg/dL)

Catalase
(ng/mL)

Glucose
(mg/dL)

Total protein
(g/dL)

Uric acid
(mg/dL)

Transportation distance (km)
80 km

2.13 ± 0.22

7.49 ± 0.51

0.73 ± 0.05b

221.00 ± 5.12a

6.11 ± 0.13

7.48 ± 0.14b

160 km

1.79 ± 0.19

6.85 ± 0.60

0.86 ± 0.05b

165.83 ± 3.90b

5.91 ± 0.21

8.25 ± 0.30ab

240 km

1.62 ± 0.12

6.90 ± 0.52

1.32 ± 0.12a

136.34 ± 2.78c

5.73 ± 0.22

8.89 ± 0.35a

Crating densities (birds/crate)
10 birds/crate

1.82 ± 0.20

7.43 ± 0.42

0.85 ± 0.09b

179.23 ± 9.46

6.29 ± 0.25a

7.99 ± 0.23

12 birds/crate

1.83 ± 0.18

7.17 ± 0.40

b

0.90 ± 0.07

171.77 ± 8.36

5.90 ± 0.15

8.25 ± 0.35

15 birds/crate

1.88 ± 0.20

6.65 ± 0.74

1.16 ± 0.13a

172.18 ± 7.00

5.55 ± 0.15b

8.37 ± 0.30

Distance

0.1830

0.6589

<0.0001

<0.0001

0.3746

0.0035

Density

0.9775

0.5914

0.0144

0.3241

0.0293

0.6300

Interaction

0.7546

0.3493

<0.0001

<0.0001

0.2608

0.0958

ab

P-value

Means in a row with no common superscript differ significantly at P ≤ 0.05.
Values are least square mean ± standard error.
Crating density: Per crate 10 birds (0.050 m2/bird), 12 birds (0.042 m2/bird), and 15 birds (0.033 m2/bird).
a–c
1

422

A+B+C+D

D

C

B

A

0.00
6.56
0.04

Total loss in terms of Rs.PKR on per kg basis

Loss in terms of US $ @ Rs 160 per US $

255.46

Cost of meat at the rate of Rs. 220/kg

Loss in terms of Rs.PKR on the basis of carcass shrinkage

64.51

Carcass %

0.02

Weight loss on the bases of mortality
2.25

1.00

Loss in terms of Rs.PKR

3.91

Mortality %

125

Loss in terms of Rs.PKR

3.13

Cost: Per kg liveweight (Rs.PKR)

1018.18

Fuel price (Rs.PkR)

Live weight losses % on the bases of distance and densities

14.55

Fuel used (liters)
0.39

10

Crating densities

Fuel cost (Rs.PKR) per kg live weight

80 km

Distances

Description of the most important cost related factors

0.06

9.36

1.19

254.27

64.21

3.76

0.03

1.67

4.09

125

3.27

0.33

1018.18

14.55

12

0.10

16.27

2.42

253.04

63.90

7.49

0.06

3.33

6.10

125

4.88

0.26

1018.18

14.55

15

0.08

13.40

1.43

254.03

64.15

4.50

0.04

2.00

6.69

125

5.35

0.79

2036.36

29.09

10

160 km

0.13

21.57

4.83

250.63

63.29

9.38

0.08

4.17

6.70

125

5.36

0.65

2036.36

29.09

12

0.29

46.45

9.46

246.00

62.12

28.51

0.23

12.67

7.95

125

6.36

0.52

2036.36

29.09

15

0.20

32.74

8.08

247.38

62.47

15.75

0.13

7.00

7.74

125

6.19

1.18

3054.55

43.64

10

240 km

0.23

37.52

7.80

247.66

62.54

20.63

0.17

9.17

8.10

125

6.48

0.98

3054.55

43.64

12

0.33

53.22

10.14

245.32

61.95

32.63

0.26

14.50

9.68

125

7.74

0.79

3054.55

43.64

15

Table 4. Economic evaluation of broiler transportation for variable distances at different crating densities during extreme hot and humid weather in terms of Rupees (Rs.) in
Pakistani currency (PKR) and US dollars (US $).
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to transportation distance and crating densities. The higher
crating density and longer transportation distance in the
present study combined to create heat stress in birds,
which resulted in increased catalase activity. Lin et al. [42]
also reported a significant increase in oxidative stress as a
response to heat stress in broilers.
Results of the present experiment showed a significant
(P < 0.0001) decrease in blood glucose concentration with
the increase in transportation distance (Table 3). Probably,
an increase in panting at high temperature with the
increase in transportation length resulted in a decrease in
metabolic rate and reduction in blood glucose level [41,47].
Furthermore, depletion of glycogen due to no access to feed
in the long journey can also result in a reduction of blood
glucose levels [48]. Similarly, Vošmerová et al. [24] also
reported a decrease in blood glucose when transportation
distance increased above 130 km, while the differences were
nonsignificant up to 130 km. Accordingly, several studies
have reported a decrease in blood glucose concentration
particularly in birds subjected to long term transportation
stress [23,49]. On the other hand, nonsignificant differences
(P = 0.3241) were observed among different crating
densities for blood glucose concentration (Table 3).
Serum total protein contents showed nonsignificant
differences among different transportation distances (P =
0.3746), whereas significant (P = 0.0293) decreases in total
protein contents were observed with each level of increase
in crating density of birds (Table 3). These findings can be
justified with the fact that an increase in crating density
results in accumulation of more heat inside the crate, and
heat stress in birds has been associated with an increase in
corticosterone [50], which was reported to be a proteolytic
enzyme resulting in decrease in protein and increase in
creatinine, urea, and uric acid levels [51]. In accordance
with the findings of the present study, some other studies
[24,52] also reported a decrease in serum protein contents
in birds subjected to transportation stress.
The serum uric acid concentration showed a significant
(P = 0.0035) increasing trend with the increase in
transportation distance (Table 3). Uric acid is considered
as a potent scavenger of free radicals in humans and
poultry [53,54]. Not only a potent antioxidant, uric acid
has also been reported as the primary product of nitrogen
metabolism in birds, and it is a reliable indicator of oxidative
stress and tubular function of the kidneys [55]. The birds

transported for 240 km had the highest stress levels, and it
was reported that stress in poultry affects metabolism and
results in increased in uric acid levels [56]. In accordance
with the present study, an increase in the concentration
of uric acid with the increase in transportation distance
was also reported [18,22,24] in birds subjected to
transportation. In the present study, different crating
densities showed nonsignificant differences (P = 0.6300)
for uric acid contents (Table 3). Likewise, Delezie et al. [18]
also reported no effect of different crating densities during
transportation on blood uric acid level.
Economic analysis showed an increase in losses with
the increase in transportation distance and crating density
(Table 4). Broiler transportation for 80 km at 10 birds per
crate resulted in the lowest losses, while transportation
for 240 km with 15 birds per crate resulted in huge
losses. Although an increase in crating density resulted
in a reduction in per bird fuel cost, the body weight loss,
mortality, and carcass shrinkages due to stress associated
with higher transportation distance and crating density
resulted in huge financial losses. Thus, transportation for
80 km with 10 or 12 birds per crate seems ideal, while in the
case of longer transportation distance (160 km), a crating
density of only 10 birds per crate resulted in lower losses,
while transportation of 240 km is not feasible at all during
the hot summer season.
In conclusion, the current study demonstrated that
transportation of broilers especially in summer (hot and
humid) is associated with economic losses due to high
live body weight shrinkage and dead on arrival rates. The
transportation of broilers for 80 km with 10 or 12 birds
per crate had minimum negative effects. The physiological
response also showed induction of oxidative stress in
birds above 160 km of transportation and crating density
of 12 birds/crate or higher. Hence, it is recommended
to have a relatively lower crating density with the lowest
possible distances for optimum bird welfare and carcass
characteristics in the hot and humid season.
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